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Toém tat - Vat liéu tv dwoc chia nho thanh cac mién tw hoa, lop
ngan cach gitra ching la cac birc twong. Tbn tai ba dang cAu tric
mién co ban: mién don, mién kép va mién déng. Voi nhung phéan
tich va danh gia cu thé, chung t6i chirng minh dwoc cau trac mien
déng la téi wu nhat D6 la cau truc hinh chir nhat gébm hai mién
chinh va hai mién déng dwoc ngén cach bdi cac blc tweng 1800
va blrc twong 900. Khi khéng cé tir trwéng ngoai, hé théng dat
trang thai bén virng véi tdng néng lwong nhé nhat. Dwéi tac dong
clia tlr trwong ngoai, hé théng sé thay déi dé tién dén mét trang
thai can bang mai béng cach dich chuyén cac birc twéng. Trong
bai bao nay, chung t6i dd d& xudt mé hinh dich chuyén bl
twérng 1800 song song vi tri ban dau va gitr tt ca cac goc gitra
hai birc twéng la tdi wu nhét.

Tl:l" khéa - mién tlr hoa; birc twdng; nang lwong tir tinh; cau tric
mién tr hda déng; tr hda bao hoa; spin
1. Pit van dé

Tt hoc 1a mét trong nhitng linh vyc 1au doi nhat cua
vat ly, bat ngudn tir hon 3000 nam trude, khi ngudi Trung
Quoc phat minh ra nam cham. T d6, nhitng nghién ctru
ve tur dugc bat dau va phat trién manh mé. Nhiing Ung
dung cua tir c6 the bat gap ¢ khap moi noi, tir md to dién
toi bién ap, nam chadm vinh ciru, tir cac loai thict bi dién
tr dén 6 cing luu trit thong tin...[4]

Vi nhu cau doi hoi tinh thiét thuc va cip bach cua
nhi€u nganh cong nghiép che tao, san xuat, ma ngay nay,
su nghién ctru vé tu tinh cling nhu nhiéu thudc tinh cia n6é
van khong nging phat trién. D€ minh hoa rd hon vé cac
dac tinh tr tinh, cac khai niém ban dau hudng deén nhiing
ai quan tdm dén linh vyc nay c6 thé hinh dung ra md hinh
ma ching tdi dang nghién cuu.

2. Giai quyét van dé
2.1. Céu triic mién tiv héa
Céu hinh thuong quan sat thdy trong mot vat lidu sat

tlr 12 cAu hinh mién, véi viéc vat lieu duge chia thanh mot
s0 khu vuc dong nhat cta tir héa nhu hinh 1, 2.

Hinh 1. Céc mién tir héa ciia hop kim FeSi bé day 0.5 mm

Abstract - The material is subdivided into magnetic domains.
The interface layers, known as domain walls, separate adjacent
domains. There are three basic categories of magnetic domain:
single domain, multidomain and closure domain. Through
specific analysis and interpretation, we demonstrated that the
optimal configuration is the closure domain. It is a rectangle,
containing two main domains and two closed domains that are
separated by 1800 domain wall and 900 domain walls. Without
applied field, the system obtains the stable structure when the
energy is minimal. Under applied field, the energy balance is
altered and rearrangements of the domains structure take
place, mainly through the motions of domain walls. In this
paper, we proposed that moving 1800 domain walls parallelly

with initial location while reserving a is optimal. In that, a is
angle between two domain walls.
Key words - magnetic domain; domain wall; magnetostatic

energy; closure domain; spontaneous magnetization; spin

Hinh 2. Cdu tao tir ciia Co bé day 6 nm

Mot mién tir hda bao gdm céc spin tir sip xép song
song dé dat dén tir hoa bio hoa dudi tac dung cua truong
phan tir. Tuy nhién, chiéu tir héa 1a khac nhau giita cac
mién trong vét liéu. Téng tir cia cac mién dinh hudng
khac nhau din dén mot tir hoa xap xi khong cua vat lidu
khi khong chiu tdc dong tir bén ngoai.

Mot birc tu(mg bao gom cac spin nam trong ving
chuyén tiép gitra cic mién c6 cac hudng tir hoa khac
nhau. Céc btc tudng co thé dugc phéan loai theo su thay
ddi cua spin ctua n6 (twdng Bloch va Neel) hay su khac
biét gitra hai mién tir hoa (tuong 180° va twong 90°) [2].
2.2. Ning lwong hé théng va tiéu chi dinh gid hé thong

Ta chia mét mau vat cia vat liéu thanh nhitng thé tich
thanh phan AV. Cac thé tich nay phai di nho dé ta c6 thé
gia thiét rang cac dic tinh vat 1y ctia vat liéu trong no la
dong nhat. Pong thoi, cac thé tich nay ciing phai du 16n
dé co thé biéu dién dugc cho vat lidu noi chung. Gia thiét
rang cac diéu kién nay di dugc thoa man, ta s& tinh ning
lugng trong céac thé tich thanh phan nay nhim muc dich
tinh ning luong téng ciia mau vat.

Nang luong cta h¢ théng 1a tong cic ning luong thanh
phan nang lugng hoan doi, nang lugng tinh thé tir khong
dang huéng, ning lugng dan hoi tir, ning luong tir tinh
(ndng lugng Zeeman va nang lugng khir tur) [2].
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Mbi mét vét lidu tir déu co mot ning lwong nhét dinh,
nang luong 4y nho hay 16n tiy thudc vao cdu hinh mién
tir hoa bén trong vat lieu. Mot hé thong dat trang thai on
dinh va bén ving khi tong nang luong hé thong l1a thap
nhat Co nhleu dang chu triic mién tir héa va mg véi mdi
chu truc 4y, hé thong c6 nang luong tuong tng khac nhau.
Dleu ta mong muon la m6 hinh nao c6 mirc nang lugng
t6i thiéu nhat. Ngay ca khi hé théng chiu tac dong bén
ngoai, hé¢ thong ludn c6 xu hudng thay doi dé tro vé trang
thai co muc ning lugng tong thip nhat. Nhu vay, ning
luong 1a tiéu chi quan trong dé danh gia cac mo hinh vat
liéu tur.

2.3. Céc dang céu triic mién tir héa
C6 nhitng dang cAu triic mién tir hoa co ban sau:

1 af r]

a) Mién don b) Mién kép ¢) Mién dong

Hinh 3. Cdc dang cdu triic mién

+ Cau trac mién don: Chi gdm mot mién tir hoa, nd s&
dugc tir hoa déu cho dén khi dat tir hoa bdo hoa (Hinh 3a).

+ Chu triic mién kép: Gom nhiéu mién tir hoa ghép
song song voi nhau theo hudng cua tir hda va cac hudng
tir hoa nguge nhau ¢ nhitng mién tir hoa gan ké (Hinh 3b).

+ Cau tric mién dong: Gém 2 mién tir hoa chinh va
hai mién tir héa dong, cac hudng tir hoa khép kin bén
trong c4u trac mién (Hinh 3c).

Nang luong tur tinh c6 thé dugc xem nhu 13 ning
lwong co6 ngudn gdc tir cac duong cam tir trong khong khi
bao quanh mau vat. Ta c6 thé du doan dugc cAu hinh
mién dong c6 nang lugng tir tinh nho nhat, vi cac dudng
strc tir khong bi thoat ra ngoai. Trong phdn tiép theo, ta s&
chimg minh duoc nhu thé.

Xét cau trac mién dong:

\ L,
4 K ES
o v
O R X
seceee Tuing 90’ :l Mién chinh

= == Tudng 180"

1 Mién dong
Hinh 4. Cdu hinh mién déng
Mbi quan hé giira chiéu dai L, va chiéu rong D dugc
xac dinh bang cach tinh gia tri t6i thi€u cua tong cac nang
lugng phat sinh (ndng luong cua cac buc tuong Bloch va
nang luong dan hoi tir) nhu sau:

2
D= 2rL _ 1)
Kl
V6i v 1a mat d6 nang luong cua bure tuong 180° K, la
hé sb dang hudng cua vat lidu.

Chiéu dai Ly, L,, chiéu rong D, va goc o gilra cac buc
tuong 180° va 90° phu thudc 13n nhau theo quan hé:

tana =

()

2

Tén tai mot gia tri cla a dé cho ning luong cua hé
thong 1 tbi thiéu. Ta c6 thé tinh dugc gbc o nay bang
phuong phép phan tir hiru han.

2.4. Sw thay déi cdu hinh mién tiv héa dong dudi tic
dong ciia tir truong ngoai

Ching t6i da khao sat va xac dinh dugc goc a noi
trén. Vi mot tic dong bén ngoai 1én hé thong lam thay
ddi su 6n dinh cua hé théng béng cach thém vao hé théng
mot nang luong bd sung. Hé thong tién dén mot trang thai
can bang méi twong tng v6i mot niang luong ti thiéu méi
thong qua sy dich chuyen cac burc twdng. Mién nao co
chiéu tir hoa cing chiéu tir trudng thi gidn ra va nguoc lai.
Khi birc tudng dich chuyén, tir hoa va ning lugng cta hé
thong thay doi nguwoc nhau: Sy ting ning lugng Zeeman
twong Gng véi sy giam nang lugng tir tinh va ngugc lai.
Xét hai cach dich chuyén cac birc tuong co ban nhat nhu
hinh 5 va c¢6 thé md rong sang cdu hinh tudn hoan nhu
hinh 6:

+ Cach thir nhét: Dich chuyén birc twong 180° song
song voi vi tri ban diu nhung khong duy tri tit ca cac goc
Q.

+ Céach thir hai: Dich chuyén buc tuong 180° song
song véi vi tri ban dau va giir tit ca cac goc a.

—

Hinh 5. Su thay déi cdu hinh ‘mié‘n khi c6 tac dong cua tir
truong ngoai. &) Cau hinh mién ban dau; b) Cau hinh dich
chuyén thir nhat; ¢) Cau hinh dich chuyén thir hai

——
a) — —_—
—
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—
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Hinh 6. Cdu hinh tudn hoan. a) Cdu hinh dich chuyén thi nhdt;
b) Cau hinh dich chuyén thir hai
Bang phuong phap phan tir htru han ta c6 thé phan tich
duogce cach dich chuyén nao 1 t6i wu nhat.

2.5. Phwong phdp phin tir hitu han
Nhu di biét, dé giai bai toan tir truong tinh, chung ta
phai giai dugc phuong trinh Laplace voi nhitng diéu kién
bién cho trudc:
A(/)M =0 (3)
Tuy nhién, véi nhing diéu kién va hinh dang bién
phure tap thi viéc giai phuong trinh trén hét suc kho khan.
Vi vay thyc tién doi hoi phai st dung phuong phap gan
dang. Phuong phap phan tir hitu han 1a phuong phap tinh

gin dung quan trong vi d& tinh toan, c6 thé giai dugc
nhitng bai toan bién phuc tap.

Phuong phdp nay dwa trén viéc sai phan hoa (roi rac

hoa) phuong trinh Laplace 1oi dung phuong phap dai sb
dé tinh gn dang phan b bang sé cua tir thé ¢ trén cac
nat ludi. Mre d6 chinh xac phu thudc vao cach sai phan.

NOoi dung co ban ctua phuong phap phan tir hiru han 1a
str dung phuong phdp 1dp dé tim dén ra sy phan bo cua tir
the trén cac nit sao cho thoa phuong trinh Laplace sai phan
thao diéu kién bién cho trudc. Pau tién,’dl_ra vao phan bo
the trén bién, ta phong chumg su phén b6 the trén cac nut.
Nhiing so li¢u ghi lan thr nhat chua thé ding ngay nén phai
lap dé hi¢u chinh dan. Ct thé tiép tuc cho dén khi ¢" tinh
lan thir n sai khac voi ¢"" & lan trude d6 mot sai sb cho
phép.

V& nguyén tic, o lan dau co thé chon tily y gia tri o,
nhung chon cang khéo thi qua trinh 13p cang rat ngin.

Mubn tinh nhanh va chinh xac, ta con c6 thé thay doi
buge sai phan. Nhimg lan dau dung budc sai phan 16,
tim ra két qua vdi sai s6 nao d6 rdi lai thay bang budc sai
phap bé hon sau d6 lap lai cho fien khi dat sai sb mong
muén [1]. Trong ndi dung bai viet nay, cong cu chung t6i
st dung dé md phong phuong phap phan tur hitu han la
FEMM (Finite element method magnetics).
3. Két qua nghién ciru va ban luin
3.1. Chitng minh ciu hinh bén vitng ciia vit liéu
3.1.1. So sdnh nang lwong ba cdu hinh co ban

a. CAu hinh mién don

Ta s& mo phong cau hinh nay bang FEMM va nhén
duoc tap hop cac duong stc trong vt liéu nhu hinh 7.

Hinh 7. Mién don
b. CAu hinh mién kép

_— ——=
_.—

Hinh 8. Mién kép
¢. CAu hinh mién déng

Hinh 9. Mién déng
Két qua md phong ba céu hinh trén c¢6 thé thu gon nhu
trong bang 1.

Bing 1. S0 sanh ndng lwong ciia cic dang cdu triic mién

Céu triic Nang luwgng
Mién don 1.07 e-014J
Mién kép 1.30 e-015J
Mién déng 2.16 e-029J

RO rang 1a tur bang trén ta co thé khang dinh lai du
doan dinh tinh trong phan trudc 1 cdu hinh mtén dong
nhw hinh 3c la cau hinh cé nang lwong cuc tiéu hay noi
céch khac, day 1a cdu hinh bén viing cua vat liéu sat tir.

3.1.2. Cdu hinh ban dau ciia hé thong

Gia thiét cdu trac mién ciia mot vat lidu c6 dang tinh
thé khéi dbi xtng dugc dat trong khong khi. D6 day mau
1 1um. Cac thong sb can thiét khac 1a cac thong sb cua
vat li€u tir tinh: tir trudng cudng ché He, va duong tir tré
B-H va thong sb nay phu thudc vao vat li¢u ta st dung.
Vit lidu ta dung dé mo phong 1a martensite c6 dudng B-H
nhu
hinh 10.
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Hinh 10. Duong cong tir hda cua vit liéu martesite

Cac goc a giita twong 90° va tryc Ox 1a:

2y,
3 ] 4)

=

« =arctan {

Tham sb md phong: L; = 20pum, D = 2y, = 2um.
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Hinh 11. Hé thong hedi phirong phdp phén tir hitu han

t t

Khi cho goc a thay d6i, ta nhan duoc két qua nhu sau:
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Hinh 12. Ning lirong hé thong theo a

Tir hinh 12 ta c6 thé thdy ning luong 1a mot ham theo
goc a giita truc Ox va buc twong 90°. Ning luong nho
nhat tai o = 45° hay D = 2y, = Li-Lo. Bang cach thay do6i
L; roi thyc hién tuong ty, ta thay rang nhan (ilinh trén van
dtng ma khong phu thudc vao quy mo cua mau vat.
3.2. M6 hinh téi wu cho sw di chuyén ciia cdc birc twong
3.2.1. Cdch dich chuyén thir nhat

Céc buc tuong dich ch}lyén song song bao toan d¢ dai
L, nhung khong duy tri tat ca gia tri cac goc 0=45" nhu
hinh 6a, d 1a khoang dich chuyén buc tudong so vai vi tri
ban dau. Ta mé phong tmg véi truong hop L, thay doi,
D =2y, = 2um. Két qua nhan dugc nhu hinh 13.

11
({ —O— L1=15 7)

10 A= | 1=20

gza\ L1=25 /4;
) “ - - _ L
3 By Touen] 4
— 8 I, i
1 \ v/
di | A 4
o 7l b d
x ) \ 4
~ AS Kd
o0 6 2 i3
B W Vi
=5 £\ %
e R 4

4
s

4

zZ R 2

3

2

1 BNy W

S
1 08 -06 -04 -02 0 02 04 06 08 1
d/yo

Hinh 13. Nding lieong thay déi theo d (cdch thir nhat)
Nhan xét:
e  Ning lugng ting theo d va ddi ximg qua d=0.
e Nang lugng la ham bac hai cua d.
e Cung mot gia tri cua d, L; tang thi ning luong
gidm.

3.2.2. Cach dich chuyén thir hai
Cac birc tuong dich chuyén song song bao toan do dai
L, duy tri tit ca gié tri cac goc o = 45%hinh 6b).
Tir hinh 14, ta ciing c6 thé rat ra nhitng nhén xét trong
tu nhu da trinh bay:
e Ning luong ting theo d va dbi xtmg qua d=0.
e Nang lugng la ham béc hai cua d.
e Cung mét gia tri cua d, L; tdng thi nang luong
giam.

[
[

{ —O— L1=15 7)

A= | 1=20
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Hinh 14. Néing lwong thay doi theo d (cdch thir hai)
3.3.3. So sdnh hai cdch dich chuyén

Ta so sanh hai cach di chuyén trong truong hop
L, =20um, D=2y, =2um & ca hai cau hinh.

11 T 14 14 T 14

o ——©—— Ciuhinh |

10H] oo A ]
~ A Céu hinh 2
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— 7
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Z 4
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0
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Hinh 15. So sanh hai cdu hinh dich chuyén

Nhan xét:

e Tai d=0 va d=1, hai ciu hinh giéng hét nhau
nén nang lugng nhu nhau.

e Ung v6i mbi gia tri d, nang luong & cdu hinh
hai nh6 hon so cau hinh mét.

Tir d6, ta cé thé két lugn ring, khi cé tiv truong, cdc
burc twong dich chuyén va cau tric mién thay doi nhw
cdu hinh thir hai.

S¢ di nang lugng 1a mot ham béc hai theo d nhu trén 1a
do nang luong tir tinh ti 1€ vdi binh phuong tir hoa bén trong
vat liéu, con tir hoa 1a mot ham theo d dugc xac dinh nhu
Sau:
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Truede khi birc twong dich chuyén:
Dién tich S; va S, trén hinh 16 dugc tinh nhu sau:
Slzszzyolj_yg- )
AS=§ -S, =0. (6)
Khi bire tuong dich chuyén:
Khi d6 dién tich S; va S, dugc tinh nhu sau:

S, :(Y(J_d)(l—2 +Y,—d). )
S, =d® + Yo (L, + Y,) +d (L, +2Y,). 8
AS =S, -S,=2dL. 9)

Ban dau, dién tich S; va S, bang nhau nén tir héa cta
céu hinh bang khong. Sau khi dich chuyén, S; va S, thay
d6i dan dén trung binh tir héa khac khong va M ti 1¢ véi
AS . Tr d6 ta tinh duoc:

M.d
M=— (10)
Yo
Trong d6 M;la tir hda bao hoa cua vat ligu.
K /r
C——
2y0

Sz

]
— 5 <« S,

Hinh 17. Cdu hinh mién khi bitc twong dich chuyén

4. Két luan

Trong pham bai viét nay, ching t6i di chimg minh
duoc mo hinh mién dong 14 mé hinh t&i wu nhat. M6 hinh
mién déng c6 dang hinh hop gdm 4 ving tir riéng biét voi
tir hoa déu trong ving va hudng tir hoa 1a thay dbi tir ving
tir hda nay sang ving tir héa khac. Khi céc thong sb ctia mo
h1nh o = 45° hay L, = L; - 2y, thi mé hinh c¢é nang luong
t6i thiéu nhat, khi ¢6 mé hinh dat trang thai can bang va on
dinh.

Do 1a khi khong cd tir truong ngoai tac dong vao.
Duéi mdt truong ngoai tdc dong 1én mo hinh theo hudng
dé tir hoa, cac birc tuong ciia md hinh s¢ dich chuyén sao
cho hé thong dat mot trang thai 6n dinh méi véi mot nang
luong t6i thiéu méi. Nhu trong cac phan trude, cach dich
chuyén birc tuong 180° song song voi vi tri ban dau va
gilt nguyén gia tri cua nd; dich chuyen buc tuong 90°
song song va gilt nguyén mot goc o =45°1a cach tt nhét.

Khi tr truong ngoal thay doi ting dan (hodc giam
dan), birc tudng 180° €6 xu huong dich chuyén vé phia
hai phia bé mat vat mau. Khi d6, nang luong tir tinh cua
hé théng la mot ham bac 2 theo su dich chuyén cac birc
tuong 180°.
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